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GOVERNMENT INTERESTS 

This invention was made, at least in part, with funds from the Federal 
Government, awarded through grant numbers NIH HL-52318 (SCOR in Heart Failure), 
ES-06096 and HG-00040. The U-S. Govermnent therefore has certain acknowledged 
rights to the invention. 

FIELD OF THE INVENTION 

The present invention is directed toward methods for cardiovascular disease 
assessment in an individual. The present invention is also directed towards methods 
for delaying development of cardiovascular disease in an individual. The present 
invention is also directed towards methods for delaying progression or early death 
associated with cardiovascular disease in an individual. The present invention is 
further directed towards methods of genetic coimseling for cardiovascular disease in 
an individual. 

BACKGROUND OF THE INVENTION 

Heart failure is a major cause of death and disability. Some common fonns of 
heart failure include idiopathic dilated cardiomyopathy (etiology unknown), 
hypertensive cardiomyopathy (similar to idiopathic dilated but with antecedent 
hypertension), hypertrophic cardiomyopathy, and ischemic cardiomyopathy. 
Regardless of the initial cause, studies suggest that the enhanced chronic sympathetic 
drive, which is a consequence of the depressed cardiac output, ultimately plays a role 
in the development of clinically significant cardiac dysfunction and the progression of 
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heart failure. Thus, it would be advantageous to develop methods to assess 
cardiovascular diseases in an individual. 



SUMMARY OF TTTO TNVENTION 

Accordingly, it is an object of the invention to provide methods of 
cardiovascular disease assessment in an individual. 

In accordance with one aspect of the invention, methods for cardiovascular 
disease assessment in an individual are provided. The methods comprise the steps of 
detecting the presence or absence of a fragment encoding a polymorphic alpha-2C 
(a2cDEL322-325) adrenergic receptor in a sample from an individual; and detecting 
the presence or absence of a fragment encoding a polymorphic beta-1 adrenergic 
receptor (piArg389) in a sample from the individual. 

In accordance with another aspect of the invention methods for delaying 
development of cardiovascular disease in an individual are provided. The methods 
comprise the steps of detecting the presence or absence of a fragment encoding a 
polymorphic alpha-2C (a2cDEL322-325) adrenergic receptor in a sample from an 
individual; detecting the presence or absence of a fragment encoding a polymorphic 
beta-1 adrenergic receptor (PiArg389) in a sample from the individual; and selecting a 
therapy regimen for the individual based on the presence or absence of a2cDEL322- 
325 and PiArg389. The therapy regimen delays development of cardiovascular 
disease in the individual. 

In accordance with yet another aspect of the invention, methods for delaying 
progression or early death associated with cardiovascular disease in an individual are 
provided. The methods comprise the steps of detecting the presence or absence of a 
fragment encoding a polymorphic alpha-2C (a2cDEL322-325) adrenergic receptor in 
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a sample from an individual; detecting the presence or absence of a fragment 
encoding a polymorphic beta-1 adrenergic receptor (PiArg389) in a sample from the 
individual; and selecting a th^apy regimen for the individual based on the presence or 
absence of a2cDEL322-325 and piArg389. Progression or early death associated with 
the cardiovascular disease is delayed. 

In accordance with yet another aspect of the invention, methods of genetic 
coimseling for cardiovascular disease in an individual are provided. The methods 
comprise the steps of detecting the presence or absence of a fragment encoding a 
polymorphic alpha-2C (a2cDEL322-325) adrenergic receptor in a sample from an 
individual; detecting the presence or absence of a fragment encoding a polymorphic 
beta-1 adrenergic receptor (PiArg389) in a sample from the individual; and 
counseling the individual regarding the potential risk of developing a cardiovascular 
disease based on the presence or absence of a2cDEL322-325 and piArg389. 

Additional embodiments, objects and advantages of the invention will become 
more ftilly apparent in view of the following detailed description. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The followdng detailed description will be more fully imderstood in view of 
the figures, wherein: 

Figure 1 is an illustration of the synergism of a2cDel322-325 and piArg389 
adrenergic receptors as risk factors for heart failure; 

Figure 2 is an illustration of multiple PGR detection of short tandem-repeat 
alleles from a single gel. The middle two lanes are ladders that represent all possible 
alleles from nine short tandem-repeat loci. Each multicolored lane represents 
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fluorescence output fix)m a single patient, which is scored by a computer algorithm. 
The red signals are molecular*size markers; 

Figures 3A and 3B depict sequence analysis of PGR products spanning the 
alpha-2C adrenergic receptor; 

Figure 3C depicts restriction enzyme digestion of PGR products spanning the 
alpha-2C adrenergic receptor; 

Figures 4A and 4B depict sequence analysis of PGR products spaiming the 
beta-1 adrenergic receptor; 

Figure 4C depicts restriction enzyme digestion of PGR products spanning the 
beta-1 adrenergic receptor; 

Figure 5 illustrates functional coupling of the Gly-389 and Arg-389 receptors 
to adenylyl cyclase. Shown ai^e the results from studies with clonal lines expressing 
each receptor at matched levels and the data presented as absolute activities (A) and 
normalized to the stimvilation by forskolin (5). The results of similar studies with two 
other clonal lines are shown in panels C and D. The Arg-389 demonstrated small 
increases in basal activities and marked increases in agonist-stimulated activities 
compared with the Gly-389 receptor. Shown are the mean residts from four 
independent experiments carried out with each line. Absent error bars denote that 
standard errors were smaller than the plotting symbol; and 

Figure 6 illustmtes [^*S]GTPyS bmding to the two polymorphic PiARs. 
Binding in the presence of 10 jiM isoproterenol was greater (p < 0.05) with the Arg- 
389 than with the Gly-389 receptor. Data are presented as a percentage of binding to 
the wild-type (Gfy389) receptor (mean absolute values were 7.7 ± 1.4 x 10^ dpm/mg 
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for Gly-389), Basal levels of binding are not dififerent between the two receptors, wf, 
nontransfected cells. 

nRTAn.RD DESCRIPTION OF THE INVENTION 

The major cardiac receptors which control sympathetic drive are the beta-1 
adrenergic receptor (PiAR) and the alpha-2C adrenergic receptor (a2cAR). However, 
there is significant interindividual variation in the expression and function of these 
adrenergic receptors, the development and progression of heart failure, and the 
response to therapy including drugs targeted to PiAR (such £is p-blockers) and 
a2cAR, 

Chronic enhanced cajdiac adrenergic stimulation has been implicated in 
development and/or progression of heart failiire in animal models and humans. 
Release of norepinephrine is under negative feedback control of presynaptic alpha-2 
adrenergic receptors (a2AR), while the target of the released norepinephrine on 
myocytes are beta-1 adrenergic receptors (PiAR). The inventors have discovered that 
a polymorphic alpha-2C adrenergic receptor (a2cDEL322-325) displays decreased 
function while a polymorpliic PiAR (PiArg389) displays increased function. 
Furthermore, the inventors have discovered that the combination of these receptor 
polymorphisms predisposes individuals to cardiovascvdar disease, and in one specific 
embodiment, to heart failure. 

Alpha-2C Adrenergic Receptor and a polvmorphic form of Alpha-2C Adrenergic 
Receptor 

The alpha-2 adrenergic receptors are localized at the cell membrane and serve 
as receptors for endogenous catecholamine agonists i.e., epinephrine and 
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norepinephrine, and synthetic agonists and antagonists. Upon binding of the ^onist» 
the receptors stabilize in a conformation that favors contact with all activation of 
certain heterotrimeric G proteins. These include Gji, Gi2, G-o and Go. The Gi G 
protein alpha subunits serve to decrease the activity of the enzyme adenylyl cyclase, 
which lowers the intracellular levels of cAMP (a classic second messenger). The 
alpha subunits, and/or the beta-gamma subunits of these G proteins also act to activate 
MAP kinase, open potassium channels, inhibit voltage gated calcium channels, and 
stimulate inositol phosphate accumulation. The physiologic consequences of the 
initiation of these events include inhibition of neurotransmitter release from central 
and peripheral noradrenergic neurons. ' 

Specifically, the alpha-2C adrenergic receptor (alpha-2C) has been localized in 
brain, blood vessels, heart, lung, skeletal muscle, pancreas, kidney, prostate, ileum 
jejunum, spleen, adrenal gland and spinal cord. Alpha-2C plays specific roles in 
certain central nervous system functions. These roles include, but are not limited to, 
modulation of the acoustic startle reflex, prepulse inhibition, isolation induced 
aggression, spatial working memory, development of behavioral despair, body 
temperature regulation, dopamine and serotonin metabolism, presynaptic control of 
neurotransmitter release from cardiac sympathetic nerves and central neurons, 
postjunctional regulation of vascidar tone, or combinations thereof. 

The inventors have discovered a polymorphic alpha-2C adrenergic 
receptor(a2cDEL322-325). As used herein, the term "polymorphic" refers to a 
variation in the DNA and/or amino acid sequence as compared to the wild-type 
sequence. Often, there is a sequence of a given gene that is the most common, and 
this is referred to as the "wild-type", while the less common variant is referred to as 
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the polymorphic form or the polymorphism. In some cases, the two have similar 
frequencies in a population and they are referred to as variants, or the specific 
substitution is designated in the name. Polymoiphisms include, but are not limited to, 
single nucleotide polymorphisms (SNPs), one or more base deletions, and one or 
more base insertions. Polymorphisms may be synonymous or nonsynonymous. 
Synonymous polymorphisms when present in the coding region do not result in an 
amino acid change. Nonsynonymous polymorphism when present in the coding 
region alter one or more codons resulting in an amino acid replacement loss or 
insertion in the protein. 

Such mutations and polymorphisms may be either heterozygous or 
homozygous within an individual. Homozygoxis individuals have identical alleles at 
one or more corresponding loci on homologous chromosomes. While heterozygous 
individuals have two different alleles at one or more corresponding loci on 
homologous chromosomes. Some members of a species carry a gene with one 
sequence (e.g., the original or wild-type "allele"), whereas other members may have 
an altered sequence (e.g., the variant, mutant, or polymorphic "allele"). 



Table 1 



Type 


Nucleotide 
Position 


Nucleotide 


Amino Acid 
Position 


Designation 


Wild Type 


964-975 of 
SEQIDNO: 1 


ggggcggggccg 
SEQIDNO: 2 


322-325 of 

SEQIDNO: 

5 


IN322-325 
GAGP SEQ ID 
NO: 6 


Polymorphic 


964-975 of 
SEQIDNO: 3 


ggggcggctgag 
SEQIDNO: 4 


322-325 of 

SEQIDNO: 

7 


DEL322-325 
GAAE SEQ ID 
NO: 8 



As detailed in Table 1, the wild-type alpha-2C adrenergic receptor is identified 
as SEQ ID NO:l (Genbank Accession AF280399). The wild-type alpha-2C 
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adrenergic receptor comprises ggggcggggccg at nucleotide positions 964-975 
designated as SEQ ID NO:2. 

SEQ ID NO: 3 (Genbank Accession AF280400) is the entire polymorphic 
nucleic acid sequence of alpha-2C adrenergic receptor with a deletion of SEQ ID 
NO:2 at nucleic acid positions 964-975. This deletion shifts the nucleotide sequence 
ggggcggctgag, SEQ ED NO: 4, into nucleic acid positions 964-975. Thus, SEQ ID 
NO: 3 comprises a twelve nucleotide deletion at nucleotide positions 964-975 when 
compared to the wild-type acid sequence identified as SEQ ID NO: 1 . 

The polymorphisms of the present invention can occur in the translated alpha- 
2C adrenergic receptor as well. For example, the first amino acid of the translated 
protein product or gene product (the methionine) is considered anodno acid ^"1" in the 
wild-type alpha-2C adrenergic receptor designated amino acid SEQ ID NO: 5. The 
wild-type alpha-2C adrenergic receptor comprises GAGP at amino acid positions 322- 
325 of the alpha-2C adrenergic receptor which is designated amino acid SEQ ID NO: 
6. 

SEQ ID NO: 7 is the entire polymorphic amino acid sequence of alpha-2C 
adrenergic receptor with deletion of GAGP at amino acid positions 322-325. The 
polymorphic alpha-2C adrenergic receptor molecule comprises GAAE, SEQ ID NO: 
8, at amino acid positions 322-325 in alpha-2C adrenergic receptor. The function of 
the polymorphic alpha-2C is impaired by approximately 70 percent compared to the 
wild-type alpha-2C adrenergic receptor. 

As used herein, the entire polymorphic nucleic acid sequence of alpha-2C 
adrenergic receptor, as identified by SEQ ID NO: 3, may be referred to as 
a2cDEL964-975. Moreover, the entire polymorphic amino acid sequence of alpha-2C 
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adrenergic receptor, as identified by SEQ ID NO: 7, may be referred to as 
a2cDEL322-325. 



Beta-1 Adrenergic Receptor 

The beta-1 adrenergic receptor (piAR) is a member of the adrenergic family of 
G-protein-coupled receptors, with epinephrine and norepinephrine being endogenous 
agonists. Like other members of the G-protein-coupled receptor superfamily, the 
amino terminus is extracellular', the protein is predicted to traverse the cell membrane 
seven times, and the carboxyi terminus is intracellular. In the adrenergic receptor 
family, agonists bind in a pocket formed by the transmembrane-spanning domains, 
and G-protein binding and activation occur at intracellular domains of the loops and 
tail, typically near the membrane. 

pi ARs couple to the stimulatory G-protein, Gs, activating adenylyl cyclase, as 
well as to non-cAMP pathways such as the activation of ion channels. piARs are 
expressed on a number of cell types including cardiomyocytes where they serve to 
increase cardiac inotropy and chronotropy, adipocytes where they mediate lypolysis, 
and juxtaglomerular cells of the kidney where they regulate renin secretion. It has 
been known for decades that these responses, as well as those of the P2AR, are 
somewhat variable in the lumian population. A common single nucleotide 
polymorphism resulting in a Gly to Arg switch at intracellular amino acid 389, may 
occur within a region important for G-protein coupling. The residting phenotype of 
the Arg-389 receptor is one of enhanced receptor-Gs interaction, functionally 
manifested as increased activation of the adenylyl cyclase effector. 

In the normal huntian population there are two piAR genetic variants with 
significant differences in functional signaling. The site of the variability is -9 amino 
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acids from the seventh transmembrane-spanning domain, in the intracellular portion of 
the tail prior to the proposed palmitoylated cysteine(s). This region is sometimes 
referred to as the fourth intracellular loop or the proximal portion of tiie cytoplasmic 
tail. By analogy with P2AR, P2AR, and other G-protein-coupled receptors, this region 
is considered important for receptor coupling to its cognate G-protein, 0$. 

Indeed, the difference between the Arg-389 and Gly-389 receptors is in 
functional coupling. Receptor-promoted binding of GTPS to Gs, another indicator of 
agonist-initiated coupling to Gs, is sinwlarly different between the two polymorphic 
piARs, as illustrated in Figure 6. Consistent with these findings, agonist-promoted 
accumiilation of the high aOinity state in washed membrane preparations in the 
absence of a guanine nucleotide is detected with the Arg-389 receptor but could not be 
resolved in studies with the Gly-389 receptor. An elevated basal activity of adenylyl 
cyclase (i.e, spontaneous toggling to R"*^ in the absence of agonist) may also be 
expected with the Arg-389 receptor since it has a greater efficiency of stabilizing the 
active conformation in the presence of agonist. This functional phenotype, as shown 
in Figure 5, is indicative of signaling in cells that endogenously express the two 
. polymorphic PiARs. 

The amino acid analogous to position 389 of the human, as well as the 
surrounding residues, are highly conserved in species sequenced to date, with the only 
deviation at position 389 being found in the human, where Gly is originally reported. 
The high degree of consistency in this region, its importance in G-protein coupling, 
and the nonconservative (size and charge) nature of the Gly to Arg substitution are 
consistent Avith this variation having functional consequences. 
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As introduced earlier, piAR are expressed on a number of cell types in the 
body. In the heart, PiAR represent the predominant AR subtype and is expressed on 
myocytes of the atria and ventricles, where they act to increase the force and 
frequency of contraction in response to sympathetic stimulation. As left ventricular 
failure develops, PiAR e>q)ression and function decrease in human heart failure. 
While not wishing to be bovmd by theory, the inventors believe that this response is a 
protective mechanism, sparing the heart from sustained sympathetic stimulation in the 
face of limited metabolic reserves. In earlier phases of heart disease, maintenance of 
PiAR function may contribute to improved ventricular function. Given the above 
circumstances, the dramatic differences in function between the two lAR 
polymorphisms suggest that the pathophysiology of congestive heart failure may be 
influenced by the PiAR genotype. 

The PiAR is the predominant PAR expressed on the cardiomyoc3rte and is 
responsive to circulating epinephrine and to local norepinephrine derived from cardiac 
sympathetic nerves. Chronic activation of PiAR from infusions of p-agonists in 
rodents results in hypertrophy, and transgenic cardiac overexpression of piAR causes 
progressive cardiomyopathy and failure. Thus, while not wishing to be bound by 
theory, the inventors believe that the piArg389 receptor is a risk factor, since it results 
in a ^^200 percent increase in agonist-stimulated activity in transfected cells compared 
to the piGly389 receptor. 

Fvirthermore, PAR antagonists (P-blockers) are utilized in the chronic 
treatment of heart failure, the presumed basis of which is minimization of the 
aforementioned consequences of long term sympathetic stimulation. In addition, pAR 
agonists are used to acutely increase cardiac output during life-threatening failure. 
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However, there is significant interindividual variation in the clinical response to p- 
hlockers and (JAR agonists in patients with heart failure. While not wishing to be 
bound by theory, the inventors believe that individuals bearing the Arg-389 receptor 
are most responsive to p-blocker and ji AR agonists therapy because they would have a 
genetically determined PiAR that achieves a greater stimulation of adenylyl cyclase 
that has enhanced function. 

The Gly-389 beta-1 adrenergic receptor nucleic acid sequence is identified as 
SEQ ID NO: 9 (Genbank Accession J03019). The Gly-389 beta-1 adrenergic receptor 
amino acid sequence, identified as SEQ ID NO: 10, may be referred to as Gly-389 or 
piGly389. The Arg-389 beta-1 adrenergic receptor nucleic acid sequence is identified 
as SEQ ID NO: 11. The Arg-389 beta-1 adrenergic receptor amino acid sequence, 
identified as SEQ ID NO: 12, may be referred to as Arg-389 or PiArg389. 

Polvmorphic Alpha-2C and Beta-1 Adrenergic Receptor 

The inventors have discovered that polymorphic alpha-2C adrenergic 
receptors are a risk factor for heart failure. In addition, the inventors have discovered 
that polymorphic alpha-2C and PiArg389 receptors act synergistically as a risk factor 
for development of a cardiovascular disease in an individual. Furthermore, the 
inventors have determined that genotyping at these two loci may be a useful approach 
for identifying individuals for early or preventative pharmacologic intervention. 

The inventors have discovered that fimctional polymorphisms of selected 
adrenergic receptors are important factors in interindividual variation, as summarized 
m Figure L Prejunctional a2AR (a2A- and a2cAR subtypes) regulate norepinephrine 
release from cardiac sympathetic nerves. A polymorphic alpha-2C adrenergic 
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receptor results in a significant loss of agonist-mediated receptor function in 
transfected cells A loss of normal synaptic auto-inhibitory feedback due to this 
dysfunction results in enhanced presynaptic norepinephrine release. Based upon this 
loss, the inventors have discovered that individuals with a polymorphic alpha-2C may 
be at risk for development of a cardiovascular disease. 

Furthermore, released norepinephrine from cardiac sympathetic nerves 
activates myocyte piAR, which couple to the stimulatory G protein Gs, activating 
adenylyl cyclase, and increasing mtracellular cAMP. Through the subsequent 
phosphorylation of several mtracellular proteins via the cAMP-dependent protein 
kinase A, such PiAR activation culminates in an increase in cardiac inotropy, 
lusitropy and chronotropy. As previously discussed, there are two common piARs in 
the human population due to a polymorphic variation which results in an encoded Gly 
or Arg at amino acid position 389 of the Gs coupling domain of the receptor. In a 
recombinant cell-based expression system, PiArg389 displays a markedly enhanced 
coupling to adenylyl cyclase compared to piGly389. The inventors discovered that 
polymorphic alpha-2C individuals with both the polymorphic alpha-2C and the 
piArg389 have the greatest risk of heart failure, since norepinephrine release and 
piAR activity are enhanced concomitantly. 

The inventors have discovered that polymorphisms of the piAR and the 
a2cAR which jointly represent a potentially major risk factor for development of a 
cardiovascular disease. Specifically, in African-Americans, where a2cDel322-325 
and piArg389 are not unconmion, the a2cDel322-325 polymorphism effect alone 
represented some degree of risk (odds ratio=5.65), while the PiArg389 genotype is 
not associated with heart failure. However, when occurring together in the 
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homozygous state, the risk is substantial and highly statistically significant, with an 
odds ratio of 10.1 1 (95 percent CI 2.1 1 to 48.53, P=0.004). Given the low prevalence 
of the a2cDel322-325 polymorphism in Caucasians, the inventors did not expect a 
significant association in this ethnic group after further subdivision by PiAR 
genotype* Nevertheless, in the Caucasian subjects, the allele frequency of the 
a2cDel322-325 was indeed more common among heart failure patients relative to 
controls. Therefore, while not wishing to be bound by theory, the inventors believe 
that the molecular properties of the two polymorphic receptors may be a risk factor 
for cardiovascular disease in ail individuals. 

Accordingly, the inventors have discovered methods for cardiovascular 
disease assessment in an individual. The methods comprise the steps of detecting the 
presence or absence of a fragment encoding a polymorphic alpha-2C (a2cDEL322- 
325) adrenergic receptor in a sample from an individual; and detecting the presence or 
absence of a fragment encoding a polymorphic beta-1 adrenergic receptor (PiArg389) 
in a sample from the individual. 

The inventors have also discovered methods for delaying development of 
cardiovascular disease in an individual. The methods comprise the steps of detecting 
the presence or absence of a fragment encoding a polymorphic alpha-2C 
(a2cDEL322-325) adrenergic receptor in a sample from an individual; detecting the 
presence or absence of a fragment encoding a polymorphic beta-1 adrenergic receptor 
(piArg389) in a sample from the individual; and selecting a therapy regimen for the 
individual based on the presence or absence of a2cDEL322-325 and piArg389. The 
therapy regimen delays development of cardiovascular disease in the individual. 
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The inventors have also discovered methods for delaying progression or early 
death associated with cardiovascular disease in an individual. The methods comprise 
the steps of detecting the presence or absence of a fragment encoding a polymorphic 
alpha-2C (a2cDEL322-325) adrenergic receptor in a sample from an individual; 
detecting the presence or absence of a fragment encoding a polymorphic beta-1 
adrenergic receptor (PiArg389) in a sample from the individual; and selecting a 
therapy regimen for the individual based on the presence or absence of a2cDEL322- 
325 and PiArg389. Progression or early death associated with the cardiovascular 
disease is delayed. 

The inventors have ftirther discovered mediods of genetic coxmseling for 
cardiovascular disease in an individual. The methods comprise the steps of detecting 
the presence or absence of a fragment encoding a polymorphic alpha-2C 
(a2cDEL322-325) adrenergic receptor in a sample from an individual; detecting the 
presence or absence of a fragment encoding a polymorphic beta-1 adrenergic receptor 
(piArg389) in a sample from the individual; and counseling the individual regarding 
the potential risk of developing a cardiovascular disease based on the presence or 
absence of a2cDEL322-325 and piArg389. 

As used herein, ""individual" is intended to refer to a human, including but not 
limited to, embryos, fetuses, children, and adults. One skilled in the art will recognize 
the various samples available for detecting the presence or absence of a fragment in 
an individual, any of which may be used herein. Samples include, but are not linuted 
to, blood samples, tissue samples, body fluids, or combinations thereof 

As used herein, "assessment" is intended to refer to the prognosis, diagnosis, 
monitoring, delaying development, delaying progression, delaying early death, risk 
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for developing, staging, predicting progression, predicting response to therapy 
regimen, tailoring response to a therapy regimen, predicting or directing life-style 
changes that alter risk or clinical characteristics, of a cardiovascular disease based 
upon the presence and/or absence of a2cDEL322-325 and PiArg389 in an individual's 
sample. 

As used herein, "firagmenf is intended to refer to a sequence of nucleic acids 
and/or amino acids encoding DNA, RNA, protein or combinations thereof. In one 
embodiment, the fragment comprises the polymorphic alpha-2C adrenergic receptor 
(a2cDEL322-325) or a2cDEL322-32S site. In another embodiment, the fragment 
comprises the vsdld-type alpha-2C adrenergic receptor or site. In yet another 
embodiment, the fragment comprises the polymorphic beta-1 adrenergic receptor 
(piArg389) or piArg389 site. In yet another embodknent, the fragment comprises the 
Gly-389 beta-1 adrenergic receptor or site. 

Cardiovascular disease includes, but is not limited to, stroke, vascular 
embolism, vascular thrombosis, heart failure, cardiac arrhythmias, myocardial 
infarction, myocardial ischemia, angina, hypertension, hypotension, shock, sudden 
cardiac death, or combinations thereof. In a specific embodiment, the cardiovascular 
disease comprises heart failure. 

One skilled in the art will appreciate the various known direct and/or indirect 
techniques for detecting the presence or absence of a DNA and/or fragment, any of 
which may be used herein. Techniques include, but are not limited to, fluorescent 
techniques, spectroscopic method, arrays, direct sequencing, restriction site analysis, 
hybridization, primary-mediated primary extension, gel migration, antibody assays, or 
combinations thereof. One skilled in the art will appreciate the various known direct 



16 



wo 2004/023101 PCT/US2003/028135 
and/or indirect techniques for detecting the presence or absence of an amino acid 
protein fragment, any of which may be used herein. These techniques include, but are 
not limited to, amino acid sequencing, antibodies. Western blots, 2-dimensional gel 
electrophoresis, immunohistochemistry, autoradiography, or combinations thereof. 

As used herein, "therapy regimen" is intended to refer to a procedure for 
delaying development, delaying progression, or delaying early death associated with a 
cardiovascular disease. In one embodiment, the therapy regimen comprises 
administration of agonists and/or antagonists of a2cDEL322-325 and PiArg389. In 
another embodiment, the therapy regimen comprises life-style changes, including, but 
not limited to, changes in diet, exercise, and the like. 

As discussed earlier, the exploration of p, AR and Ozg AR as candidates for 
risk factors for heart failure is supported by results from a number of basic, animal, 
and human studies. aiAR expressed on human presynaptic cardiac sympathetic 
nerves inhibit the release of the neurotransmitter norepinephrine. Fore example, mice 
engineered to lack expression of a2AAR and aacAR show that the azcAR inhibits 
norepinephrine release under basal conditions (low stimulation frequencies). Such 
mice develop heart failure. Thus, these factors which depress a2cAR function leading 
to chronically enhanced norepinephrine release may represent factors predisposing to 
the development of heart failure. Moreover, factors which depress piAR frinction 
may also represent factors predisposing an individual to the development of heart 
failure. 

The inventors* results demonstrate a substaintial risk of heart failure in an 
individual who has the homo:£ygous a2cDel322-325 polymorphism. The inventors' 
results further demonstrate that an individual has an even greater risk of heart failure 
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when the individxial has both the homozygous a2cDel322-325 polymorphism and the 
homozygous PiArg389 variant (referred to also as *the double homozygous 
genotype")- While not wishing to be bound by theory, the inventors believe that the 
interaction between the two polymorphic receptors is due to the fact that the receptors 
represent two critical components within a series-type signal transduction pathway: 
local norepinephrine production and its activation of its target receptor. The 
synergistic, rather than simply additive, nature of the interaction may be due to the 
fact that G-protein coupled receptor activation resuhs in marked signal amplification. 
This is the first example of such an interaction within a discrete signaling pathway in 
heart failure. 

The presence of the double homozygous genotype may indicate the need for 
specific pharmacologic therapy with a2AR agonists or antagonists and/or PAR 
agonists or antagonists. Patients with the homozygous a2cDel322-325/piArg389 
genotype may represent a subset of responders or non-responders, and thus genetic 
testing at these loci may be used to tailor pharmacologic therapy to those with the 
greatest likelihood of having a favorable outcome. Moreover, while not wishing to be 
bound by theory, the inventors believe that such individuals may benefit firom 
treatment early in the syndrome, even with relatively preserved cardiac function and 
minimal symptoms, since they may be at greatest risk of progression. A similar 
approach may also be indicated in individuals with asymptomatic left ventricular 
hypertrophy, with the objective of halting transition to clinical heart failure. Finally, 
individuals without hypertrophy or failure who have the double homozygous 
genotype, and are thus at risk for developing heart failure, may also benefit firom 
"prophylactic therapy." 
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EXAMPLE 
Subjects 

The protocol is approved by the University of Cincinnati Institutional Review 
Board, and subjects provide written informed consent. Normal (control) individuals 
and heart failure patients are from the greater Cincinnati geographic area. Patients are 
recruited from the University of Cincinnati Heart Failure Program (1/2/99 - 1/2/01) 
by requests of consecutive eligible patients who agree to participate in this specific 
genetic study. Approximately 50 percent of patients in the Program are referred by 
community cardiologists, --40 percent by physicians within this tertiary care center, 
and --10 percent self-referred. 

To limit sample data, entry criteria are ages 20-79, left ventricular ejection 
fractions (LVEF) of <35 percent, NYHA U-IV heart failure, and either idiopathic 
dilated cardiomyopathy or ischemic cardiomyopathy. Patients with a non-ischemic 
dilated cardiomyopathy who had antecedent hypertension are characterized as 
idiopathic. To further limit the sample size, patients whose hearc failure is due to 
primary valvular disease, myocarditis, or obstructive or hypertrophic 
cardiomyopathies, are not eligible due to the limited number of cases. The control 
group consists of unrelated, apparently healthy individuals (as assessed by 
questionnaire) recruited prior to voluntary blood donation and by newspaper 
advertisements. Specifically, none of the control group has a history of 
cardiovascular disease or symptoms, or are taking any chronic medications. The 
racial classification of the participants is self-reported. 

Genotvping 

Genotyping at these loci is carried out in 171 patients with heart failure and 
193 control subjects. Logistic regression methods are utilized to determine the 
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potential effect of each genotype, and their interaction, on the risk of heart failure. Li 
another group of 261 patients Avith heart failure, analysis was carried out to assess the 
relationship between genotype and the duration of heart failure. In another group of 
263 patients with heart failure, analysis was carried out to assess the risk of 
hypertension. Genotypes at 9 highly polymorphic short tandem repeat loci are used to 
test for population stratification between cases and controls within ethnic groups. 

Genomic DNA is extracted firom peripheral blood samples, and the adrenergic 
receptor polymorphisms are detected. The adrenergic genotypes are referred to as 
wild-type a2cAR (representing the more common variant that does not have the 
deletion), a2cDel322-32S (the foiir amino acid deletion variant), piArg389 and 
piGly389. Both sequence analysis and restriction enzyme digestion of PGR products 
spanning the a2cAR (see Figure 3) or PiAR polymorphisms (see Figvire 4) are used to 
detect each sequence variant iri genomic DNA samples. 

Figure 3 shows sequencing electropherograms (sense strand) that identify 
homozygous individuals for the wild-type and Del322-325 a2cAR. Nucleotides 964- 
975 (GGGGCGGGGCCG) withm the wild-type sequence (Figure 3A) are absent in 
the Del322-325 sequence (Figure 3B). In addition, deletion of these. 12 nucleotides 
results in loss of one of six Nci I restriction enzyme sites within a 372 bp PGR 
product amplified firom genomic DNA samples. Agarose gel electrophoresis of PGR 
products digested with Nci I therefore show unique patterns of fragments that identify 
homozygous wild-type, homozygous Del322-325, and heterozygous individuals 
(Figure 3G). 

Figure 4 shows sequencing electropherograms (sense strand) that identify 
homozygous individvials for the PiAR Gly389 or Arg389 polymorphism with either a 
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G or a C at nucleotide position 1165, respectively. The presence of a C in this 
position results in loss of a BsjnFI restriction enzyme site, therefore BsmFI digestion 
and agarose gel electrophoresis of 488 bp PGR products spanning this polymorphic 
site identified all three genotypes (heterozygous, homozygous Gly389 and 
homozygous Arg389). 

In combination, the above methods are used to determine all piAR/a2cAR 
genotypes, including the two-locus allele frequencies of the PiAR Arg389 and 
Del322-325 a2cAR polymorphisms in cases and controls. 

To assess the potential for population stratification, the frequencies of alleles 
at nine highly polymorphic short tandem repeat (STR) loci are determined by a 
multiplexed PGR using the AmpF/STR reagents with detection by miilticolor 
fluorescence using the ABI Prism 377 Sequencer (Applied BioSystems), as illustrated 
in Figure 2. 

Statistical Analysis 

Allele frequencies are computed using standard gene counting methods. Tests 
for genotype and allelic association with heart failure are conducted using chi-square 
tests of independence within each ethnic group. In order to test for interactions 
between the aacAR and PiAR polymorphisms, the inventors use logistic regression 
methods to model the efiect of each genotype and their interaction on the risk of heart 
failure. Likelihood ratio tests are used to assess the significance of each locus and 
their interaction both before and afrer adjusting for the potential coufoimding effects 
of age and sex. 
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Finally, a case-only analysis is perfonned to test for single and two-locus 
genotype associations with hypertension status and diagnosis group (idiopathic or 
ischemic) using chi-square tests of independence. The frequencies of flie STR alleles 
are compared between cases and controls within the two racial groups by chi-square 
tests. When appropriate, mean data are reported ± standard deviation. Kaplan-Meier 
plots and log-rank tests are used to assess whether the survival distribution differed 
significantly across genotype classes. 

Results 

In African- Americans, the adjusted odds of heart failvure is 5.65 times higher in 
the a2cDel322-325 homozygotes (95 percent confidence interval: 2.67 to 11.95, 
P<0.0001) relative to the other aacAR genotypes. There is no risk with piArg389 
alone. However, there is a marked increased risk of heart failure in individuals 
homozygous for both variants: adjusted odds ratio=10.11 (95 percent confidence 
interval: 2.11 to 48.53, P=0.004). This association holds with dilated and ischemic 
cardiomyopathy, and is independent of antecedent hypertension. The frequencies of 
the short tandem repeat alleles are not different between cases and controls, thus 
excluding population stratification. In Caucasians, the a2cDel322-325 polymorphism 
is also associated with heait failxure (allele frequency 0.105 vs 0.038 in controls, 
p=0.011). However, there are too few patients with both homozygous genotypes to 
adequately assess the risk. 

The characteristics of the heart fedlure cases are shown in Table 2. For 
African-Americans there are 78 patients (49±11 years of age) and 84 controls (53±16 
years of age). There are 81 Caucasian heart failure patients who are 56±1 1 years of 
age and 105 controls whose ages are 36±12. There are significant differences in allele 
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fi:equexicies of both receptor variants between African-Americans and Caucasians. In 
the current study the a2cDel322-325 is found to be >10 times more conounon in 
African-American compared xo Caucasian controls (allele frequencies of 0.41 1 vs 
0.038, P<0.0001). The PiArg389 is somewhat less common in African-Americans 
(0.560 vs 0.762, P<0.0001). These differences in the frequencies of the two 
polymorphisms between Caucasians and African-Americans, particularly at the 
a2cDel322-325 locus, prompted the inventors to carry out separate risk analyses for 
the two ethnic giroups. 

In African-Americans, where both variants are relatively common, single- 
locus analysis, as detailed in Table 3, reveals that a2cDel322-325 is in fact more 
common in patients with heart failure (allele frequency=0.615) compared to normal 
controls (allele frequency=0.41 1, P=0.0002). When analyzed using all three possible 
genotypes, this association remains highly significant. Indeed, 53 percent of African- 
Americans with heart failure are homozygous for the polymorphism compared to only 
17 percent of the controls. The unadjusted odds ratio for heart failure and the 
homozygous a2cDel322-325 is 5.54 (95 percent confidence interval: 2.68 to 11.45, P 
<0.0001), There is no evidence of significant confounding by age or sex, and the 
confounder adjusted odds ratio for heart failure and the homozygous a2cDel322-325 
is 5.65 (95 percent confidence interval: 2.67 to 11.95, P<0.0001). Li contrast to the 
aicAR polymorphism, there is no evidence of a statistically significant difference in 
the allele frequencies of piArg389 in African-Americans with or without heart failure. 

A two-locus analysis indicates a significant interaction between the 
a2cDel322-325 and the piArg389 genotypes in African-Americans with heart failure. 
The combination reveals a multiplicative association (i.e. greater than an additive 
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effect) of the two loci with risk of heart failure (likelihood ratio test for interaction 
P=0.05). Subjects are placed into four groups as follows: homozygous for both 
a2cDel322-325 and piArg389; homozygous for a2cDel322-325 only; homozygous 
for the PiArg389 only; and non-homozygous for both (referent genotype class). 
Results are shown in Table 4 and reveal that homozygosity for a2cDel322-325 and 
piAi%389 is associated with a substantial increased risk for heart failure in African- 
Americans (unadjusted odds ratio=12.67, 95 percent confidence interval: 2.70 to 
59.42, P=0.001), relative to the referent genotype class. When age and sex are 
controlled for in the model, the odds ratio is slightly reduced but remains highly 
statistically significant (adjusted odds ratio = 10.11, 95 percent confidence interval: 
2.11 to 48.53, P=0.004). 

To assess whether these findings could be explained by two-locus genotype by 
diagnosis group (idiopathic dilated and ischemic cardiomyopathy) or hypertension 
status distributional differences among the cases, a case-only analysis is performed. 
Among the African-American cases, there are no two-locus genotype frequency 
differences between the two diagnosis types (chi-square=1.38, P=0.71) or hyper- and 
normotensive patients (chi-squure=0.3357, P=0.95). 

In Caucasians, the inventors discovered that the allele frequency of 
a2cDel322-325 in heart failure patients is higher than controls (0.105 vs 0.038, 
P=0.011) (see Table 3). The difference in significance levels is likely due to the small 
number of Caucasian subjects in tlie a2cDel322-325 homozygote group (2 normals 
and 6 cases). As is seen with the African-Americans, the frequency of the piArg389 
is not different between cases and controls in Caucasians. There is no significant 
association found with the two-locus model and the risk of heart failure in 
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Caucasians; however there is a strong trend towards the double homozygous genotype 
being a risk factor for heart failure in Caucasians, since it occurred in 1.9% in normals 
and 3.7% in heart failure patients. It is contended that the association would attain 
statistical significance with larger number of patients studied. 

The potential for unrecognized population stratification between control and 
heart failure groups, which could result in a spurioxis sissociation in the Afiican- 
Americans, is explored by genotyping at nine highly polymorphic STR loci, 
illustrated in Table 5. (Of note, since all subjects are firom the same geographic area 
and associations are sought within racisil groups, the likelihood of population 
stratification is considered to be low.) Control and heart failure subjects within the 
Afiican-Americans show no differences in the firequencies at these markers (see P- 
values in Table 5), indicating that population stratification between cases and controls 
does not accoimt for our associ;7tion findings. 

Finally, the unlikely possibility of a biased result in African-Americans, where there 
were sufficient numbers of patients, is considered using contingency tables. The ages 
at time of enrollment into the study are not different between those with the various 
aicAR genotypes. However, the odds of failure developing before age 40 is 4.07 
times higher (95 percent confidence interval: 1.25 to 13.30, P=0.023) for a2cDel322- 
325 carriers compared to those homozygous for wild-type a2cAR. Further analysis 
utilizes the median LVEF for all Afirican-American patients (which is 22.0 percent) to 
define two groups with different predicted mortalities. The odds of having an LVEF 
< 22 percent is 3.63 times higher (95 percent confidence interval: 1.17 to 11.22, 
p=:0.03) for a2cDel322-325 homozygotes compared to those homozygous for wild- 
type aacAR . In addition, while not wishing to be bound by theory, other studies 
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suggest that presence of the Del322-325 polymorphism may predict siirvival. In this 
case, analyses is performed on patients (n-14) who died or underwent heart 
transplantation during the course of the study. Within this group, the median duration 
of heart failure, defined as the age at death or transplant minus the age at onset, is 
shorter in patients homozygous for Del322-325 (4.1 years) compared to homozygous 
wild-type a2cAR (4.8 years). These results do not suggest a "survivor effect" and 
support the conclusion that it is the a2cDel322-325 allele, as opposed to the wild-type 
a2cAR, that is associated with the failure phenotype. Furthermore, since the above 
analysis is carried out , by necessity, only in those with heart failure, these results 
indicate that the a2cDEL322-325 has not only an effect on risk, but also identifies 
patients with an early-onset form of the disease, and patients with a more severe form 
of the disease. The odds of failure developing before age 40 is 4.07 times higher (95 
percent confidence interval: 1.25 to 13.30, P=0.023) for a2cDEL322-325 carriers 
compared to those homozygous for wild-type a2cAR. The odds of having an LVEF < 
22 percent is 3.63 times higher (95 percent confidence interval: 1.17 to 1 1.22, P=0.03) 
for a2cDEL322-325 homozygotes compared to those homozygous for wild-type 
a2cAR . As indicated, both of these associations are statistically significant. For the 
piArg389, a larger cohort of heart failure patients (n=216) that died or were 
transplanted following enrollment are examined. Again, while not wishing to be 
bound by theory, the duration of heart failure (years to heart transplant or death) is 
shorter in individuals homozygous for the polymorphic Arg-389 receptor (4.0 years) 
compared to individuals homozygous for the wild-type Gly-389 receptor (5.6 years). 
In an additional analysis of 263 patients with heart failure, an association with pi AR 
genotype and hypertension is noted. Here, the mean +/-standard error systolic blood 
pressure is 1 10 +/- 3.7 mmHg for patients who are homozygous for PiGly389, 1 14 +/- 

26 



wo 2004/023101 PCT/US2003/028135 

1.8 mmHG for those who are heterozygous, and 122+/-1.8 mmHg for those 
homozygous for piArg389. These data show that these variants can be used to assess 
risk for hypertension, and, they can serve to modify heart failure through this effect, 
since hypertension can cause a worsening of ventricular function in heart failure. 
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Table 2. Characteristics of the heart faUure groups. 



PCT/US2003/028135 





Caucasian 


AMcan-American 


Age(y) 


54.6+11.1 


48.9±11.5 


Gender (% male) 


76.5 


59.0 


NYHA class (% HI or IV) 


47.5 


47.4 


Diagnosis (%) 


Idiopathic 


45.7 


83.3 


Ischemic 


54.3 


16.7 


Age of onset (y) 


51.7±10.7 


46.3±11.8 


Duration (y) 


2.62±4.35 


2.62±4.77 


LVEF at enrollment (%) 


24.8±12.6 


25.4±11.9 


Expired after enrollment (?/b) 


25.9 


26.9 


Transplanted after enrollment (%) 


14.8 


9.0 


Other risk factors/co-morbid conditions (%) 


hypertension (> 140/90) 


44.8 


61.0 


diabetes mellitus 


30.9 


25.6 


hypercholesterolemia history ^240 mg/dL) 


44.4 


23.1 


obesity (BMI >25 kg/m^) 


72.5 


66.2 


Smoking (%) 






(history pk yrs ^10) 


70.8 


58.6 


concurrent 


17.5 


23.4 


Medications at entry (%) 


digoxin 


76.5 


50.0 


diuretic 


91.4 


56.4 


ACE inhibitor 


82.7 


92.3 


P-blocker 


60.5 


33.3 
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Table 3. Distribution of aa- and Pi-adrenergic receptor variants in normal and heart 
failure subjects. 





Allele 
frequency 


P-value* 
by allele 


Gcnotypet 

# of subjects (%) 


P-valuet 
by genotype 


odds ratio§ 
(95% confidence 
interval) 


a2cI>el322-325 


Del 




WT/WT 


WT/Del 


Del/Del 






Americans 
















Normal 


0.411 


0.0002 


29(34,5) 


41 (48.8) 


14(16.6) 


<0.0001 


5.65 
(2.67 to 1 1 .95) 


Heart fuLure 


0.615 


23 (29.5) 


14(17,9) 


41 (52.5) 


Caucasians 
















Normal 


0.038 


0.011 


99(94.3) 


4(3.8) 


2(1.9) 


0.132 


3.94 
(0.50 to 31.05) 


rieart laiiure 


0.105 


70(86.4) 


5(6.2) 


6(7.4) 


















PiArg389 


Arg 




Gly/Gly 


Gly/Arg 


Arg/Arg 






African- 
Americans 
















Normal 


0.560 


0.541 


13(15.5) 


48 (57.1) 


23 (27.4) 


0.270 


0.90 
(0.44 to 1.84) 


Heart l^ilure 


0.526 


19(24.4) 


36 (46.2) 


23 (29.4) 


Caucasians 
















Normal 


0.762 


0.640 


8(7.6) 


34(32.4) 


63 (60.0) 


0.360 


0.80 
(0.37 to 1.73) 


Heart failure 


0.741 


4(4.9) 


34 (42.0) 


43 (53.1) 



















* 2x2 -chi-square comparing number of alleles in the normal vs heart feilure groups, 
t WT, wild-type ajcAR (without the deletion); Del, a2cDel322-325 

X 2x3 chi-square test comparing the distribution of the three possible genotypes in the 
normal vs heart failure groups. 

§Sex and age adjusted odds ratio for the association of heart feilure with genotype (Arg/Arg vs Gly/Gly 
and 

Gly/Arg; or Del/Del vs WT/WT and WT/Del. 



29 



wo 2004/023101 PCT/US2003/028135 



Table 4. Gene-gene interactions of a2- and Pi-adrenergic receptor variants in heart 
failure. 



o^cAR 


PiAR 


Number of Subjects 
Normal Heart failure 


Odds ratio* 
(95% CI; P-value) 


African-American 






nit 
/o 




^1 WT 


^1 Gly389 


49 


29 


1.00 (reference) 


^1 WT 


Arg389/Arg389 


21 


8 


0.55 

(0.21 to 1.44;F=0.226) 


Del322-325/Del322-325 


^1 Gly389 


12 


26 


3.87 

(1.65 to 9.05; P=0 .002) 


Del322-325/Del322-325 


Arg389/Arg389 


2 


15 


10.11 

(2.11 to 48.53; P=0.004) 




Caucasian 




105 


81 




^1 WT 


^1 Gly389 


42 


35 


1.00 (reference) 


^1 WT 


Arg389/Arg389 


61 


40 


0.85** 
(0.39 to I.85;P=0.682) 


Del322-325/Del322-325 


lt\ Gly389 


0 


3 


undefined 


Del322-325/Del322-325 


Arg389/Arg389 


2 


3 


2.14** 
(0.13 to 36.85, P=0.60) 



♦Odds ratios adjusted for sex and age. 



** Due to the cell with 0 subjects, these odds ratios represent single (2 x 2) 
comparisons with the reference genotype 
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Table 5. Frequencies of short tandem repeat alleles in cases and controls*^ 



Caucasian Afiican-American 




Control 


Heart 
Failure 


Control 


Heart 
Failure 


D3S1358- 


14 


0.094 


0.164 


0.150 


0.127 


15 


0.344 


0.250 


0.250 


0.227 


16 


0.240 


0.250 


0.381 


0.340 


17 


0.146 


0.184 


0.169 


0.240 


all other 


0.177 


0.151 


0.050 


0.067 




vWA- 


14 


0.146 


0.110 


0.099 


0.093 


15 


0.083 


0.104 


0.191 


0.193 


16 


0.229 


0.182 


0.276 


0.233 


17 


0.240 


0.273 


0.237 


0.220 


18 


0.167 


0.214 


0.105 


0.100 


19 


0.115 


0.097 


0.033 


0.067 


all other 


0.02 


0.019 


0.059 


0.093 




FGA- 


19 


0.053 


0.061 


0.068 


0.074 


20 


0.128 


0.061 


0.041 


0.101 


21 


0.181 


0.142 


0.103 


0.122 


22 


0.202 


0.264 


0.171 


0.169 


23 


0.117 


0.162 


0.178 


0.169 
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Caucasian AMcan-American 




Control 


Heart 
Failure 


Control 


Heart 
Failvire 


24 


0.149 


0.169 


0.171 


0.149 


25 


0.128 


0.088 


0.096 


0.108 


27 


0,0 


0.02 


0.062 


0.020 


all other 


0.043 


0.034 


0.110 


0.088 




D8S1179- 


12 


0.125 


0.132 


0.094 


0.107 


13 


0.365 


0.309 


0.163 


0.253 


14 


0.219 


0.184 


0.394 


0.387 


15 


0.104 


0.105 


0.231 


0.153 


16 


0.052 


0.026 


0.050 


0.047 


all other 


0.135 


0.244 


0.069 


0.053 




D21S11- 


27 


0.031 


0.046 


0.094 


0.067 


28 


0.167 


0.158 


0.206 


0.240 


29 


0.198 


0.263 


0.175 


0.240 


30 


0.240 


0.217 


0.125 


0.153 


31 


0.094 


0.039 


0.100 


0.067 


31.2 


0.104 


0.104 


0.050 


0.040 


32.2 


0.083 


0.092 


0.119 


0.067 


all other 


0.083 


0.159 


0.131 


0.127 
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Caucasian 


Afiican-American 




Control 


Heart 
Failure 


Control 


Heart 
Failure 


12 


0.138 


0.167 


0.056 


0.081 


13 


0.128 


0.080 


0.056 


0.068 


14 


0.234 


0.147 


0.056 


0.054 


15 


0.160 


0.160 


0.160 


0.182 


16 


0.106 


0.127 


0.215 


0.182 


17 


0.085 


0.113 


0.090 


0.182 


18 


0.021 


0.093 


0.118 


0.095 


19 


0.021 


0.020 


0.132 


0.088 


all other 


0.107 


0.094 


0.118 


0.068 




D5S818- 


8 


0.0 


0.007 


0.063 


0.033 


10 


0.073 


0.053 


0.050 


0.040 


11 


0.333 


0.375 


0.263 


0.227 


12 


0.344 


0.336 


0.294 


0.407 


13 


0.198 


0.171 


0.275 


0.240 


all other 


0.052 


0.059 


0.056 


0.053 




D135317- 


11 


0.302 


0.336 


0.272 


0.304 


12 


0.271 


0.303 


0.418 


0.466 


13 


0.094 


0.099 


0.146 


0.108 


all other 


0.334 


0.263 


0.165 


0.122 
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Caucasian 


African-American 




Control 


Heart 
Failure 


Control 


Heart 
Failure 


D7S820- 


8 


0.094 


0.133 


0.230 


0.264 


9 


0.146 


0.207 


0.079 


0.074 


10 


0.302 


0.240 


0.316 


0.311 


11 


0.240 


0.193 


0.243 


0.257 


12 


0.146 


0.153 


0.099 


0.054 


all other 


0.073 


0.074 


0.033 


0.041 



Comparison of frequencies of each allele revealed P values all >0.05 between control 
and heart failure patients within the two racial groups. 
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